INTRODUCTION
The incidence of carcinoma of the uterine cervix in Korea is decreasing, but still the third most common malignant neoplasm in women (1) . Radiotherapy is the treatment of choice in patients with an advanced cancer of the uterine cervix, and normally consists of a combination of external beam radiotherapy (EBRT) and intracavitary brachytherapy. However, the optimal combination of these methods has not been clearly defined. According to the Patterns of Care studies in the United States, the recurrences and complications are reduced when brachytherapy is used in combination with EBRT (2) . HDR brachytherapy was developed to overcome the potential disadvantages of low-dose rate (LDR) brachytherapy (radiation exposure to medical staff, prolonged treatment time, mandatory hospitalization and applicator movement). In 2000, the American Brachytherapy Society recommended certain guidelines for HDR brachytherapy of a carcinoma of the cervix (4) .
The results of the use of radiotherapy for the patients with a cancer of the uterine cervix have previously been reported (5) . The aims of this study were to analyze the long-term disease control, survival and prognostic factors in patients with advanced cancer of the uterine cervix treated by EBRT and HDR intracavitary brachytherapy.
MATERIALS AND METHODS
Between September 1994 and December 2001, 269 patients were diagnosed with cancer of the uterine cervix at the Samsung Medical Center. Of these, 120 patients, who were in stages IIB～IVA, according to the FIGO classification, were treated with radical radiotherapy. All patients had no history of other malignancy and had an intact uterus. The median age of the patients was 61 years, ranging from 22 to 81 years, with sixty-two (51.7%) older than 60 years. The ECOG performances were 0 in 13 patients (10.8%), 1 in 87 (72.5%), 2 in 19 (15.8%) and 3 in one (0.8%). The histologies were squamous and non-squamous cell carcinomas in 112 (93.3%) and 8 (6.7%) patients, respectively. The pre-treatment evaluations included the patients' medical history, a physical examination, blood tests, punch biopsy, chest X-ray, bimanual examination, IVP, rectosigmoidoscopy, cystoscopy and either a pelvic MRI or CT scan. The patients were staged according to the guidelines from the Federation of Gynecology and Obstetrics (FIGO). Sixty-one, 56 and 3 patients had FIGO stages, III and IV diseases, respectively ( Table 1) .
All patients were given EBRT to the whole pelvis as well as HDR intracavitary brachytherapy. Each patient received EBRT to the pelvis and the paraaortic lymph nodes if gross paraaortic lymph nodes were observed in the MRI or CT scan. Eleven patients received paraaortic lymph nodes irradiation. The whole pelvis total dose ranged from 45.0 to 55.8 Gy, with a median dose of 50.4 Gy. The total dose to the paraaortic nodes was 45 Gy. The Daily fraction was 1.8 Gy, administered 5-times a week. In order to reduce the overall treatment time (OTT), 6 patients not receiving chemotherapy took EBRT 6-times-a-week. The patients were irradiated with a 4-field box technique (anterior (AP), posterior (PA) and bi-laterals) in order to spare some of the small bowel anterior to the iliac nodes. However, the anterior and posterior opposed fields were used when the paraaortic nodes were included. Each patient received individualized radiation fields according to the extent of the disease on either the CT or MRI scan. The general treatment fields are prescribed below: The superior border of the whole pelvis fields was the L5-S1 level in the negative pelvic node patients and L4-L5 in the positive pelvic nodes patients. The superior border of the paraaortic nodes was the T12-L1 level. The inferior border was placed 2～3 cm below the lowest extent of the cervical or vaginal disease. For the AP-PA fields, the lateral borders were placed approximately 1.5～2 cm lateral to the inner bony margins of the true pelvis. Usually, the anterior border included half of the posterior one-third of the symphysis pubis, and the posterior border was located at the S2-3 level. Mid-line shielding was added after 40～45 Gy. For patients with a disease extending to the parametrium or pelvic side wall(s), a parametrial boost (using the AP/PA fields with mid-line shielding), with a median dose of 8 Gy (range: 6～10 Gy) in 1.8～2 Gy fractions was given. External beam radiotherapy was performed using a 10～15 MV linear accelerator. In order to reduce acute complications of the small bowel, a small bowel displacement device was used (6) .
HDR brachytherapy was started 4 to 5 weeks after the initiation of the external beam radiotherapy. One week before the HDR brachytherapy, an MRI was taken to evaluate the response to radiation and for brachytherapy planning. The equipment used for the HDR brachytherapy was the Microselectron Ⓡ (Nucletron, The Netherlands), with Iridium-192. Orthogonal films were taken to verify the placement of the applicators and to perform the dosimetric plan. Packing was always performed in order to fix the applicators and to maximize the distance between the sources and the posterior rectal wall and anterior bladder. The dose was prescribed at point A, according to the International Commission on Radiation Units and Measurements recommendations (7) . The median dose of HDR brachytherapy was 24 Gy (range: 12～24 Gy) at point A, with 4 Gy per fraction twice a week for 3 weeks.
The overall treatment time of radiation (OTT) ranged from 42 to 180 days (median 56 days), and 57 patients (47.5%) completed the radiotherapy within 55 days (Table 1) . Twenty-one patients (21.7%) received chemotherapy, of witch 5 received neoadjuvant chemotherapy, 13 received concurrent chemotherapy, during the 1st and 4th weeks of external beam radiotherapy, and 8 both neoadjuvant and concurrent chemotherapy ( Table 1 ).
The patients were followed up by a radiation oncologist and a gynecologist 1 month after completing the radiotherapy, every 3 months during the first 2 years, and every 6 months thereafter. A clinical examination and cervical cytology were performed at each follow-up. An MRI was performed prior to HDR brachytherapy, and at 1 and 12 months after the completion of the radiotherapy. The median follow-up time was 28.5 months (range 6～100 months).
The overall and disease-free survivals were calculated according to the Kaplan-Meier method. A comparison of the categorical variables was performed using the chi-square test.
RESULTS
A gynecological examination and MRI were used to evaluate the response to radiotherapy 1 month after its completion. Eight-three patients (69.2%) achieved complete remission and 37 (30.8%) achieved partial remission ( Table 2) .
The overall survival rates at 3 and 5 years for all patients were 64.4 and 57.0%, respectively. The overall survival rates at 3 and 5 years for Stage IIB, III and IVA patients were 71.2 and 60.2%, 58.6 and 57.9% and 33.3 and 33.3%, respectively (Fig. 1) . The disease-free survival rates at 3 and 5 years for all patients were 63.7 and 60.2%, respectively. The disease-free survival rates at 3 and 5 years for the Stage IIB, III and IVA patients were 60.5 and 57.4%, 70.0 and 65.4% and 33.3 and 33.3%, respectively (Fig. 2) . A Cox multiple regression analysis showed that the FIGO stage, OTT and treatment response were significant variables for the overall (p=0.035, p=0.0649 and p=0.0009) and disease-free survivals (p=0.0009, p=0.0359 and p=0.0363) by a univariate analysis. A multivariate analysis showed that the treatment response was the only significant variable for the overall survival (p=0.0018), and the OTT was the only significant variable for disease-free survival (p= 0.0360) ( Table 3 ). Of eleven patients with positive paraaortic lymph nodes, 10 (18%) had stage IIB and 11 (18%) stage III diseases. The response and overall and disease-free survival rates are not significant different between the two groups.
Twenty-nine patients (24.2%) developed late complications after the radiotherapy. Rectal, urinary and pelvic bone late complications were observed in 14 (11.7%), 8 (6.7%) and 7 (5.8%) patients, respectively. According to the Franco-Italian glossary grade (8), Grades 1, 2 and 3 late rectal complications were observed in 9 (7.5%), 4 (3.3%) and 1 patient (0.8%), respectively. Radiation cystitis was observed in 6 patients (5.0%), vesicovaginal fistula in 1 (0.8%) and urinary stricture in 1 (0.8%). Pelvic insufficiency fractures were observed in 7 patients (in the sacrum with 4, the pubis in 1 and in both the sacrum and pubic bone in 2), but all improved with conservative management.
DISCUSSION
The treatment of choice for most patients with locoregionally advanced disease (IIB-IVA) is radiation therapy using a combination of EBRT and brachytherapy. The importance of brachytherapy in the curative treatment of cervical cancer is indisputable. Reports from the Patterns of Care studies in the United States have demonstrated significantly better survival rates for patients treated with a combination of EBRT and intracavitary brachytherapy (2) .
For many years, the standard treatment for patients with a locally advanced carcinoma of the uterine cervix was EBRT to the pelvis and low-dose-rate (LDR) brachytherapy (9, 10) . However, the worldwide use of HDR brachytherapy as an alternative to LDR brachytherapy has increased rapidly in recent years. HDR brachytherapy was developed to overcome the potential disadvantages of LDR brachytherapy (radiation exposure to the medical staff, prolonged treatment time, mandatory hospitalization, and the risk of applicator movement). HDR brachytherapy has been used successfully in Japan and Europe for more than 30 years, and has also been used widely in Korea since 1979 (4) . Although the HDR brachytherapy equipment and Iridium-192 source are expensive, and the source needs to be replaced every 3～4 months, there are many advantages of using HDR brachytherapy. Because the HDR treatment can be delivered with remote afterloading equipment, the radiation exposure to personnel is eliminated. In addition, HDR treatment requires shorter treatment times, the patients suffer less discomfort from prolonged bed rest, the patients do not need to be hospitalized, and the risk of applicator movement during treatment is reduced. It allows the integration of EBRT and HDR brachytherapy, which can lead to a shorter overall treatment duration and for potentially better tumor control. According to the reports by the Korean Society of Therapeutic Radiology and Oncology, HDR brachytherapy was performed on 1,258 Korean patients with uterine cervical cancer in 1997, with over 30 Korean institutions having HDR treatment equipment (4) .
Several reports from Korean institutions concerning the treatment outcomes of uterine cervix cancer with HDR brachytherapy have been published (9, 11, 12) . There results are comparable with those of other institution in Korea as well as those from radiotherapy with LDR brachytherapy (4).
The HDR fractionation schedules reported in the literature vary markedly, with insertion numbers and Point A fraction sizes ranging from 2 to 7 sessions and 3 to 14 Gy, respectively (13, 14) . In Korea, the patients usually received 6 to 8 fractions of HDR treatments, with fraction sizes ranging from 3 to 5 Gy (11). The fractionation schedule in this study was 6 to 8 fractions each of 4 Gy to point A. There are, to date, no reports of a standard treatment schedule in Korea. The use of HDR brachytherapy has gradually been increasing in Korea, but the optimal treatment regimen needs to be defined. These studies show that HDR brachytherapy with 4 Gy per fraction twice a week for 3 weeks to point A is an acceptable treatment with comparable complication rates.
Retrospective studies have demonstrated that a prolongation of OTT is associated with a reduction in both local control and survival (15～17). Most studies looking at this effect on a carcinoma of the cervix suggest a loss of local control of around 1% for each day added to an OTT of 49～52 days. Petereit et al. (15) reported that the 5-year survival and pelvic control rates differed significantly with treatment times ＜55 days vs. ≥55 days: 65 and 54% (p = 0.03), 87 and 72% (p =0.006), respectively. In addition, survival was decreased by 0.6%/day and pelvic control by 0.7%/day for each additional day of treatment beyond 55 days for all stages of the disease. Delaloye et al (16) and Lanciano et al (17) suggested that shorter treatment duration is a factor associated with longer survival and pelvic control in a carcinoma of the cervix. In order to shorten the OTT, brachytherapy could be performed at or near the end of EBRT. In this institution, brachytherapy was initiated during the 4th to 5th week of treatment in order to avoid exceeding a total treatment time of 45～50 days. Currently, most authorities consider a treatment duration of 55 days or less to be acceptable (18) . The current study also reported that an OTT over 55 days decreased the disease-free survival and pelvic control rates.
In 1999, the results of five multiinstitutional randomized controlled trials demonstrated a survival advantage for concurrent chemoradiotherapy (CCRT) in the management of cervix cancer (18) . Pelvic recurrences, as well as distant metastases were fewer and the recurrence-free interval longer in the cisplatin group than in the control group. All these trials demonstrate that CCRT with cisplatin increases the survival in women with a locally advanced cervical carcinoma. The findings of these trials prompted the US National Cancer Institute (NCI) to issue a rare clinical announcement urging that strong consideration be given to adding chemotherapy to radiation therapy in the treatment of invasive cervical cancer (19) . The impact of this statement was that many clinicians altered their pattern of practice and questioned the value of continued participation in clinical trials containing radiotherapy alone or that did not utilize cisplatin as the chemotherapeutic agent of choice. Because of the small number of patients receiving chemotherapy, the current studies did not show a significant difference in the overall survival and local control between radiotherapy alone and CCRT. However, due to the announcement of the US NCI, now chemotherapy was combined with radiotherapy in patients with positive pelvic or paraaortic lymph nodes in the CT or MRI scan, a bulky disease or stage IIB, III and IV diseases in our institution.
However, the results of the National Cancer Institute (NCI) of Canada trial did not show a benefit in either pelvic control or survival by the addition of concurrent weekly cisplatin chemotherapy, with the author insisting it was important that careful attention be paid to the RT to achieving the optimum outcome (20) . Potter and Knocke (21) pointed out that the results of the studies performed in North America (radiotherapy alone) were significantly worse than those published by some experienced groups in Europe and Japan, and recommend the following be taken into account when considering chemoradiotherapy for patients with cervix cancer: the high potential of radiotherapy alone; the high potential for the improvement of local control using 3-D conformal radiotherapy (3-D CRT); the significant potential of adverse side effects in a chemoradiotherapy regimen.
In recent years, with the advent of computer-based treatment planning and new technology in the field of radiology, 3-D CRT, intensity-modulated radiotherapy (IMRT) planning have been reported in the treatment of gynecological malignancies (22) . The authors also reported several studies on the efficacy of a small-bowel displacement system in 3-D CRT and IMRT (23, 24) . Also, several investigators have evaluated the use of CT-based, MRI-based and PER-based treatment planning for brachytherapy procedures to improve local control and treatment-related toxicity (25) .
CONCLUSIONS
The results of these studies suggest that external beam radiotherapy with HDR brachytherapy is an acceptable treatment for a locally advanced cancer of the uterine cervix. Also, OTT and treatment response were significant factors for the survival. So excessively protracting treatment (＞8 weeks) should be avoided.
According to these studies, the treatment schedule with 50.4 Gy in 28 fractions of EBRT to the pelvis and 6 fractions (twice a week) of 4 Gy HDR brachytherapy was appropriate for the treatment of locally advanced uterine cervix cancer with reasonable complication rates. However, further efforts should be made to define the optimal treatment regimen and reduce the treatment time.
